Introduction !
The importance of medicinal plants as a source of new antimicrobials is well established today. Approximately 25 % of the active substance prescriptions in the United States come from plant material [1] . It is estimated that as many as 20 000 species from several families are useful for these purposes [2] . In the two last decades, the search for antimicrobial potential of medicinal plants in Cameroon has experienced a tremendous growth. Significant numbers of scientific publications have been produced and many research teams have addressed this area. When searchingfor publications relative to the antimicrobial activity of Cameroonian medicinal plants or compounds from natural sources, it was found that the first works were published in 1988 by Biyiti et al. [3] . Evidence of the efficiency of herbal drugs used in Cameroonian medicine in the treatment of microbial infections is being provided continuously and intensively today [4] [5] [6] . More than a hundred studies were published from 1987 to 2009, according to scientific websites such as Pubmed, Sciencedirect, Scirus and Scopus. This paper summarizes the currently available knowledge on Cameroonian plants used to treat microbial diseases, and the efficacy of plant-derived extracts and compounds. Numerous medicinal plants are commonly used in both urban and rural areas in Cameroon as well as in most African countries, in the treatment of infectious diseases. The WHO [7] estimated that 80 % of the African population is concerned and believes that this practice, if applied appropriately, could significantly contribute to improve public health. In the plant kingdom, medicinal plants from several families are used for therapeutic purposes. This review will be focused on the plant families Moraceae, Irvingiaceae, Melianthaceae, Rutaceae, Guttiferae, Bignogniaceae, Ebenaceae, etc., reported for their antimicrobial activities. Several classes of secondary metabolites have been characterized as the active principles of the plants, including terpenoids, alkaloids and phenolic compounds such as chalcones, flavones, isoflavones, anthraquinones, naphthoquinones, xanthones, and coumarins. Later in this report, we will discuss the use of the Abstract ! In Cameroon, infectious diseases are amongst the most commonly notified diseases and largest cause of mortality. Many plants are used locally in traditional medicine for their treatment. The aim of the present review is to summarize currently available evidence and knowledge concerning Cameroonian plants used to treat bacterial and fungal infections, and the efficacy of plantderived extracts and compounds. The traditional uses of plants in the treatment of infectious diseases have been collected and tabulated. The antimicrobial activity of the extracts and the chemical constituents of most of these plants are summarized in this report. Plants used traditionally in Ca-meroonian medicine, with laboratory work on any part or products, have been documented. Numerous extracts and compounds have been tested for antimycobacterial, antibacterial and antifungal efficacy and some of them were significantly active. Most of the bioactive compounds isolated were phenolics and alkaloids. In conclusion, many plant species are used in traditional medicine in Cameroon to treat infectious diseases, and several interesting openings have originated for further inquiry following in vitro antimicrobial activity evaluation. However, much work is still to be done to standardize methods and cut-off points for describing the antimicrobial activity, and on the study of the mechanisms of action. studied plants in traditional therapy, the antimicrobial activity of extracts of the plants studied in each family, and finally the plantderived metabolites characterized to date in Cameroon.
Impact of Infectious Disease Worldwide and in Cameroon !
With the advent of globalization, health threats have become much more serious in an increasingly interconnected world, characterized by higher mobility of people, animals and goods, economic interdependence and electronic connectivity [8] . According to the WHO, at least 39 new pathogens have been identified since 1967, including HIV, Ebola and Marburg hemorrhagic fevers [9] . In addition, "centuries-old threats" like influenza, malaria and tuberculosis continue to thrive due to a combination of biological mutations, rising resistance to antibiotics and weak health systems [9] . In the last five years, the WHO has verified more than 1100 epidemic events worldwide [8] . Infectious diseases cause about 70 % of deaths in children in developing countries and more than a third of those deaths occur in neonates [8] . More than 80 % of tuberculosis cases occur in Asia and Africa [10] . In Cameroon, the major infectious diseases associated with a high degree of risk within the population include food or waterborne diseases (bacterial and protozoal diarrhea, hepatitis A and E, and typhoid fever), vector borne diseases (malaria and yellow fever), water contact disease (schistosomiasis), respiratory disease (meningococcal meningitis), and animal contact disease (rabies) [11] . Very often, there is a coexistence of many infectious diseases. Ammah et al. [12] demonstrated that a high proportion of patients (33%) had malaria coexisting with S. typhimurium, S. paratyphi, and S. typhi infections. In our population, the lifetime risk of developing active tuberculosis once infected, in the absence of HIV infection, is about 10 %, meanwhile this risk increases tenfold in HIV-infected individuals [13] . The unsatisfactory case management of the whole infectious diseases in general, and particularly bacterial and fungal infections throughout the continent, which allows partially treated and relapsed patients to become sequentially resistant, may play a significant role in the development of resistance [14, 15] . Effective treatment of microbial infections is challenging for various reasons including lack of accessibility and elevated expense of drugs and low adherence owing to toxicity of second-line drugs [14, 15] . It is all too likely that the emergence of even more resistant microbial strains will be experienced in the future, exhausting the current arsenal of chemical defenses at our disposal [14] . For this purpose, new antimicrobial agents are urgently needed, and research programs into alternative therapeutics should be encouraged. It has been suggested that the best available in vitro indicator of possible therapeutic activity is the early microbicidal activity of medicinal plants [7] , drugs or combinations of drugs [16] .
Investigation of Plants and Derived Products as
Sources of New Antimicrobial Agents ! Plants produce a great diversity of substances that could be active in many fields of medicine. Natural products from plants are proven templates for new drug development [17] , and have shown many interesting biological activities. In a review of medicinal plants as antimicrobial agents [18] , it was estimated that at least 12 000 active compounds have been isolated from plants, representing less than 10% of the total. Several recent reviews have highlighted the underutilized potential of plant species and natural products as sources of antimicrobial drugs [14] . Plant-derived antimicrobial compounds belong to an exceptionally wide [77] seeds not identified but the active essential oil from fruits contained α-phellandrene; p-cymene; α-pinene; cissabinol; limonene [77] (fruits essential oils) Q: Af, Bc, Bs,Cgl, Ec, Kp, Sa, Sf [77] Xylopia aethiopica cough, bronchitis, dysentery, female sterility [77] seeds not identified but the active essential oil from fruits contained β-pinene; terpinen-4-ol; sabinene; α-phellandrene; α-terpineol; αand trans-β-ocimene [77] (fruits essential oils) S: Af, Bc, Ec, Sa, Sf; Q: Cgl [77] Apocynaceae [114] whole plant [77] not specified Not identified but essential oils from fruits contained trans-α-ocimene; α-terpinolene; 3-δ-carene; limonene; myrcene; α-pinene; p-cymene [77] (fruits essential oils) S: Sa [77] Zanthaxylum xanthoxyloides enteritis, dysentery, diarrhea, guinea worm, uretritis and as an antiodontalgic [77] not specified not identified but essential oils from fruits contained α-pinene; trans-β-ocimene; citronellol; sabinene; myrcene; limonene; cytronellyl acetate; α-phellandrene [77] (fruits essential oils) S: Ec, Bc, Bs, Af, Kp, Sa, Sf [77] 
Sapotaceae
Tridesmostemon omphalocarpoides Engl. (3829/HNC) gastroenteritis, skin lesions [129] stem bark not identified but preliminary phytochemical studies reported the presence of alkaloids, phenols, polyphenols, saponins, tannins, triterpenes, anthraquinones and steroids in bark methanolic extract and their variation in active fractions [129] (bark methanol extract) S: Ec; M: Ca, Ck, Sd, Kp, Sa, Sf [129] continued next page diversity of classes, such as alkaloids, terpenoids, peptides and phenolics [18] . Numerous assay systems and organisms have been used to screen plant extracts and constituents of active plants for antimicrobial activity. The microbroth dilution method seems to be more appropriate when investigating the activity of compounds. However, this method has several advantages compared to another method used in the past; the agar diffusion method. The microbroth dilution method is quantitative, allows the use of small quantities of compounds or plant extracts as well as culture media, and is well adapted for drugs intended for systemic use [19] . Colorimetric microbroth techniques using various reagents such as tetrazolium salts [20, 21] , or color indicators [22] allow easy MIC detection and increase the credibility of this method. For the antimycobacterial tests of plant-derived substances, a number of bioassay systems has been used including agar diffusion and dilution assays, radiorespirometry (using the BACTEC 460 instrument), and broth macro-and micro-dilution assays to reporter gene assays [14] .
Biological Activity Screening of Plant Extracts for Antimicrobial Effects in Cameroon
! Plants extracts are widely used in many parts of Cameroon to treat infectious diseases or related symptoms including abdominal pains, itching, urinary and respiratory ailments, fever and coughing, diarrhea. Adjanohoun et al. [23] provided a useful review of the traditional use of medicinal plants in Cameroon, although much work remains to be done regarding the documentation of existing ethnobotanical knowledge. Cameroon possesses a very rich and diverse flora, with an estimated 8260 species [24] . This paper is the first review on Cameroonian medicinal plants and derived products as a source of antimicrobial agents. It is important to note that a minimal inhibitory concentration (MIC) value of 100 µg/mL was used as a criterion for antimicrobial activity classification in accordance with some authors who consider a MIC value between 100-200 µg/mL as positive for plant extracts [25] [26] [27] [28] [29] . The plants with scientific reports on their activities of any part or derived products against microorganisms (• " Table 1 ) are summarized in • " Table 2 . In this review, the activity of plant extracts or compounds will also be discussed, but not classified if the documented results were based only on the inhibition zone determinations. However, in this paper, the activity of plant extracts will be classified as significant (MIC < 100 µg/ mL), moderate (100 < MIC ≤ 625 µg/mL) or weak (MIC > 625 µg/ mL). It appears from the results of • " The classification criterion is highly stringent, but several authors agree to keep the level of 10 µg/mL or 50 µM as the threshold for acceptable activity [30, 31] . In this study, we will set the value as follows: significant activity (MIC < 10 µg/mL), moderate (10 < MIC ≤ 100 µg/mL), and low or negligible (MIC > 100 µg/mL).
Terpenoids
Terpenoids are the largest and most widespread class of secondary metabolites, mainly in plants and lower invertebrates. A few of them have been used for therapeutic purposes for centuries; but in recent decades the level of research activity in isolating and studying new terpenoids has shown no sign of abating [32] . Generally, terpenoids have low antimicrobial potentials, compared to phenolic compounds. Several terpenoids have been isolated and tested, but a few of them presented an acceptable activity, both antibacterial and antifungal. Nevertheless, some of the terpenoids such as the triterpenoid betulinic acid has been shown to inhibit HIV [33] . Two terpenoids, cymbopogonol and the use in the treatment of infectious diseases, but that extract or derived product showed antimicrobial activity citral showed antifungal activity against C. albicans [34] . Also the diterpenoid trichorabdal A [35] was found to be active against Helicobacter pylori. Plant oils, which contain terpenoids, have shown increasing promise in vivo, inhibiting multiple species of bacteria. For example, cinnamon oil has shown broad-spectrum activity against Pseudomonas aeruginosa [36] . Also, John et al. [37] found that plant oils from Neolitsea foliosa, which also exhibited some antibacterial properties, included sesquiterpenes such as β-caryophyllene. A terpenoid, 3-oxo-(20S,24S)-epoxydammarane 19,25-diacetate isolated from the barks of Caesalpinia pulcherrina also exhibited significant antibacterial activity and a prominent antifungal activity [38] . The mechanism of action of terpenoids is not fully understood but is speculated to involve membrane disruption by the lipophilic compounds. Among the terpenoids isolated from Cameroonian medicinal plants, both hardwiickic acid (1) and friedelin (2) (• " Fig. 1 ) exhibited interesting antimicrobial effects on gram-positive bacteria and against the gram-negative bacteria [39, 40] . Compound 1 however, presented moderate activity on many other bacterial species and Candida spp. [39] . Compound 2 also presented a significant antibacterial activity against C. freundii, M. morganii, Shigella spp., Proteus spp., P. aeruginosa, Bacillus spp., S. faecalis and Candida spp. [40] . Lupeol and many others triterpenoids were also isolated from Cameroonian plants and tested on a panel of bacteria and yeasts, but most of them exhibited poor activities [41] .
Phenolic compounds
Flavonoids: Several flavonoids isolated from Cameroonian medicinal plants have been reported for their antimicrobial activities (• " Fig. 2 ). Such compounds comprise largely chalcones, flavones and isoflavones. Chalcones were isolated primarily from plants of the family Moraceae and the genus Dortenia such as Dorstenia angusticornis [42] , Dorstenia elliptica [43] , Dorstenia turbinata [6] , and Dorstenia barteri [5] . Among the chalcones, diprenylated compounds such as angusticornin B (3) and bartericin A (4) were reported to be very active vis-à-vis many gram-positive and gram-negative bacteria as well as yeasts such as C. albicans, C. glabrata and C. krusei [42] . It has been demonstrated that hydroxylation of the prenyl groups of stipulin (5) leads to compounds 3 and 4, inducing a significant increase of the antimicrobial activity [42] . Mbaveng et al. [5] also demonstrated that transposition of prenyl from the 5′-(stipulin) to the 3′-position leads to kanzanol C (6), and induces an increase of antimicrobial activity, with compound 6 exhibiting significant antimicrobial activities against M. morganii and S. flexneri while 5 was not so active. A monoprenylated chalcone, isobavachalcone (7) , was more active than most of the diprenylated chalcones tested so far, with significant inhibitory effects observed on several bacteria and fungi [5] . Cyclization of this molecule, leading to 4-hydroxylonchocarpin (8), induced a significant reduction of the activity [5] . Kuete et al. [22] also demonstrated that the shift of the prenyl group from C-3 of compound 7 to position 3′ (4,2′,4′-trihydroxy-3-prenylchacone; 9), reduced the specificity of compound 9 against gram-negative bacteria, while activity remained significant on the gram-positive bacteria and yeasts. Also, the absence of prenyl groups leading to 4,2′,4′-trihydroxychacone (10) further reduced this activity. This allows us to conclude that the prenyl group plays an important role in the activity and selectivity of microorganisms to chalcones. Some flavones such as gancaonin Q (11) and kaempferol (12) were significantly active against E. aerogenes, S. dysenteriae and Bacillus spp. [40, 42] . Several other flavonoids have shown moderate antimicrobial activities. This in-cludes luteolin, catechin, epiafzelcetin, phyllocoumarin, amentoflavone, artocarpesin, and cycloartocarpesin [5, 22, 42, 44, 45] . Many bioactive isoflavonoids were also isolated from Cameroonian medicinal plants. Although isoflavonoids such as laburnetin (13) [44] showed significant activity against M. tuberculosis, activities against gram-positive and gram-negative bacteria and fungi, and those of genistein, alpium isoflavone, 2′-hydroxyisoprunetin, 6,7-(2-isopropenylfuro)-5,2′,4′-trihydroxyisoflavone and cajanin were found to be selective, moderate or negligible [44, 45] . Similarly to chalcones, it has also been demonstrated that the cyclization of flavones (e.g., artocarpesin to cycloartocarpesin) reduced the antimicrobial activity [45] . Arylbenzofuran: Arylbenzofurans (• " Fig. 1) were isolated from Morus mesozygia, including 2-arylbenzofurans of the moracin series (C, M, Q, R, S, T and U) [45, 46] . Although very few arylbenzofurans have so far been isolated, it has been shown that compounds of the moracin series have moderate activities. Nevertheless, some of them such as moracin T (14) were very active (MIC < 10 µg/mL) on E. coli, S. dysenteriae, P. aeruginosa, K. pneumoniae, S. typhi, B. cereus, S. aureus, S. faecalis, and C. albicans [45] . Significant activities of moracin M (15) against P. aeruginosa, moracin U (16) against E. coli, and B. cereus and moracin C (17) against S. dysenteriae, P. aeruginosa and S. typhi were also reported [45] . The antimicrobial activities of other 2-arylbenzofurans such as 6,6′-dihydroxy-4′-methoxy-2-arylbenzofuran, cicerfuran and benzofuran derivatives [46] have, however, been documented [47] . Kuete et al. [45] demonstrated that the prenylation of arylbenzofuran increases the antimicrobial activity, with monoprenylated compounds being generally more active. Similarly to chalcones and flavones, it was shown that the degree of activity depends on the position of the prenyl group, with compound 14 (with C-4 prenylation) being more active than compound 17 (with C-4′ prenylation) [45] . It was also reported that the cyclization of arylbenzofurans reduces their antimicrobial activities [45] . Quinones: Several naphthoquinones isolated from Cameroonian medicinal plants were reported for their activities against bacteria and fungi (• " Fig. 3 ). MICs < 10 µg/mL were documented for many of them including lapachol (18), 2-acetylfuro-1,4-naphthoquinone (19), 2-hydroxy-3-methoxy-9,10-dioxo-9,10-dihydroanthracene-1-carbaldehyde (20) , newbouldiaquinone (21) [48] . Very interesting activities of plumbagin (22) , diospyrone (23) and crassiflorone (24) were reported against M. tuberculosis, M. smegmatis and N. gonorrhoeae [49] . Several other quinones (• " Fig. 3 ) also demonstrated significant antifungal and antibacterial activities, namely newbouldiaquinone A (25), vismiaquinone C (26), vismiaquinone (27), 3-geranyloxy-6-methyl-1,8dihydroxyanthraquinone (28), 1,8-dihydroxy-6-methoxy-3methylanthraquinone (29) , and bivismiaquinone (30) [40, 48] . Despite the important structural differences between these quinones, the antibacterial and antifungal activities were found to be significant and close to each other, indicating that the presence of the skeleton of naphthoquinones and anthraquinones is the basis of their antimicrobial activities. It has been demonstrated that quinones complex irreversibly with nucleophilic amino acids of microbial proteins, leading to the loss of function and consequently to the death of the pathogens [50] . The reactivity of cluster-based quinones explains why most of these molecules exert significant antimicrobial activities. However, previous studies [48] also proved that the cyclization and the prenylation of naphthoquinones act on the specificity of the antimicrobial activity.
Xanthones: Several xanthones (• " Fig. 4) [55] . Compounds such as globulixanthones C (41), D (42) and E (43) also exhibited antimicrobial activities against S. aureus, B. subtilis and Vibrio anguillarium [56] .
Coumarins: Several coumarins have antimicrobial properties [57] [58] [59] [60] [61] . They have been found to stimulate macrophages [59] , which could have an indirect negative effect on infections. More specifically, coumarin has been used to prevent recurrences of cold sores caused by HSV-1 in humans [57] . Phytoalexins, which are hydroxylated derivatives of coumarins, are produced in carrots in response to fungal infection and can be presumed to have antifungal activity [58] . Osthenol also exhibited good activity against gram-positive bacteria [60] . Most of the coumarins isolated so far from Cameroonian medicinal plants (• " Fig. 1) were found in plants of the genus Treculia (Moraceae), including Treculia africana, Treculia acuminata and Treculia obovoidea [22, 62] . They exhibited moderate antibacterial and antifungal activities [6, 22] . Nevertheless, compounds such as 5-methoxy-3-(3-methyl-2,3-dihydroxybutyl)psoralen (44), 5-methoxy-3-[3-(β-glucopyranosyloxy)-2-hydroxy-3-methylbutyl]psoralen (45) exhibited significant antifungal activities with MIC values comparable to those of nystatin [6] . O-[3-(2,2-Dimethyl-3-oxo-2H-furan-5yl)butyl]bergaptol (46) also had very good, but selective antimicrobial activities against yeasts of the genus Candida, gram-postive and gram-negative bacteria [22] . Other phenols, benzophenones, ellagic acid derivatives: Several other compounds including simple phenolics, benzophenones, cinnamic and ellagic acid derivatives (• " Fig. 5 ) were identified as active antimicrobial principles of some Cameroonian medicinal plants. Though simple phenolics such as 4-hydroxy-3-me-thoxybenzaldehyde, 4-methoxyphenol and 3-hydroxy-4-methoxybenzoic acid had weak inhibitory potentials [22] , benzophenones presented better activities [51] . This is the case of guttiferone I (47) with MIC < 10 µg/mL reported on C. freundii, E. cloacae, P. vulgaris, B. megaterium and S. faecalis [51] . Isoxanthochymol (48) also exhibited significant activity against B. cereus and B. stearothermophilus [51] . Ellagic acid (49) and its derivatives 3,4di-O-methylellagic acid (50) and 3,3′,4′-tri-O-methylellagic acid (51) were significantly active against a wide range of bacteria and yeasts [39] .
Alkaloids
Natural alkaloids are known for their anti-infective activities. A review of anti-HIV compounds of plant origin by Cos et al. [63] summarized published data on several classes of alkaloids including naphthylisoquinoline alkaloid dimers (michellamines A- terpenoids (1 and 2) , arylbenzofurans (14 -17) and coumarins (44 -46) .
F [64, 65] , nitrogen-containing sugar analogues (castanospermine and 1-deoxynojirimycin) [66, 67] , sesquiterpene pyridine alkaloids (triptonines A and B) [68] , the β-carboline alkaloid harman [69] , and the carbazole alkaloid, siamenol [70] . Diterpene alkaloids, commonly isolated from the plants of the Ranunculaceae, or buttercup [71] family [72] , were found to have antimicrobial properties. Berberine, an important representative of the alkaloid group was also found to be active against S. aureus with RNA being suggested as its possible target [73] . Compared with phenolics and terpenoids, very few antimicrobial alkaloids have been isolated so far from Cameroonian medicinal plants. This is due to the fact that few numbers of the plant families contain this class of compounds [74] . Alkaloids from Cameroonian medicinal plants (• " Fig. 5 ) were mostly isolated in three families including Rutaceae (Tecla afzelii) [34] , Caesalpiniaceae (Erythrophleum suaveolens) [75] and Apocynaceae (Tabernaemontana crassa) [76] . The presence of alkaloids in these plant families has also been reported [74] . Amongst the antimicrobial alkaloids (• " Fig. 5 ) isolated from such plants, norcassaide (52) and norerythrosuaveolide (53) isolated from Erythrophleum suaveolens exerted significant inhibitory (MIC < 10 µg/mL) activities against selected microbial strains like K. pneumoniae, N. gonorrhoeae, C. albicans, and C. krusei [75] . Dehydrocorydalmine (54) and palmatine (55) from Tabernaemontana crassa also presented a good activity on N. gonorrhoeae and C. krusei [76] . Kokusaginine (56) , maculine (57) and nkolbisine (58) isolated from the stem bark of Tecla afzelii presented rather low or moderate activities, but MICs below 10 µg/mL were recorded on some bacterial species [41] .
Conclusions ! This review, the first of its kind on Cameroonian medicinal plants as potential antimicrobials, is intended to serve as the scientific baseline information for the use of the documented plants, as well as a starting point for future studies, leading to the production of improved plant medicines. The paper also draws attention to some active metabolites, which could probably lead to new antimicrobial drugs. The present review will inevitably show the richness of Cameroon medicinal flora as antimicrobial resources and demonstrates that many of them that are used traditionally are effective. Some of the Cameroonian plant extracts distinguished themselves by their exceptional inhibitory power on both bacteria and fungi. Among these are Bersama engleriana, Dorstenia angusticornis, Dorstenia barteri, Diospyros canaliculata, Diospyros crassiflora, Newbouldia laevis, and Ficus cordata. Some of the isolated compounds were also highly active. This was the case for isobavachalcone, kanzanol C and 4-hydroxylonchocarpin isolated from Dorstenia spp., plumbagin, crassiflorone and diospyrone isolated from Diospyros spp., and also newboudiaquinone, lapachol and newbouldiaquinone isolated from Newbouldia laevis. Some of the bioactive compounds such as diospyrone (23), crassiflorone (24), newboudiaquinone (21), newbouldiaquinone A (25), laurentixanthone A (36), laurentixanthone B (37), norcassaïde (49) , norerythrosuaveolide (50) [50] , smeathxanthone B (32), cheffouxanthone (31) banganxanthone A (38), moracin T (14) , moracin U (16), globulixanthones C (41), D (42) and E (43) and many other compounds were isolated and characterized for the first time in Cameroonian medicinal plants. Presently, there is an urgent necessity for standardizing plant drugs from the investigated plants, as their use is still empirical. There is also an urgent requirement to standardize methods and cut-off points for describing antimicrobial activities, as some authors report activities of extracts at more than 10 mg/mL while others, including ourselves, believe that only MIC values less than 100 µg/mL (for extracts) and 10 µg/mL (for compounds) are worthy of the label active. Other recommendations are to include a parallel screening of mammalian cytotoxicity tests to preclude nonspecific cytotoxicity from being interpreted as antimicrobial efficacy following in vitro screening. This is being done in some studies to provide useful selective data, but few research teams in the country are concerned. The study of the mechanism of action and resistance was initiated in our research team at the University of Dschang on active metabolites or extracts, and we recommend that where antimicrobial testings are going on, this should be a priority.
